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(54) Hepatoselective pharmaceutical actives 



(57) The invention provides an analogue of a phar- 
maceutical active whose molecular weight is less than 
25,000 Daltons, the analogue comprising a pharmaceu- 
tical active whose molecular weight is less than 25,000 
Daltons covalently linked to a pendant molecular group 
wherein as a result of the administration of the compo- 
sition to the human or animal body an active complex 
having a molecular weight of 25,000 Daltons or greater 
is present in the human or animal circulatory system. 



The analogue is hepatoselective when administered to 
the circulatory system. Preferably the analogue is an in- 
sulin analogue comprising an insulin or functional equiv- 
alent thereof covalently linked to the pendant molecular 
group wherein the active complex is an insulin complex. 
Such an insulin analogue may be used in a method of 
insulin replacement therapy. 
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Description 

[0001] The present invention relates to novel hepa- 
toselective pharmaceutical actives. In particular it re- 
lates to novel hepatoselective insulin analogues suita- 
ble for use in an improved treatment of diabetes mellitus. 
[0002] When drugs and other pharmaceutical actives 
are administered to the human or animal body it may be 
required that the active is needed to be present primarily 
in the liver or to act primarily on the tissues of the liver. 
That is, the active is required to be hepatoselective. 
Achieving hepatoselectivity can be difficult, in particular 
where the active is administered by injection into the 
skin. One case in which achievement of hepatoselectiv- 
ity would be especially desirable is the administration of 
insulin. 

[0003] The hormone insulin, secreted by the pancre- 
as, has various important roles to play in glucose me- 
tabolism. In the liver, after binding to cell surface recep- 
tors, insulin promotes the conversion of glucose to gly- 
cogen (glycogenesis), promotes protein synthesis and 
inhibits fat breakdown. Insulin deficiency results in 
breakdown of glycogen (glycogenolysis), protein and 
conversion of products of fat and protein breakdown to 
glucose (gluconeogenesis) leading to a raised plasma 
glucose level (hyperglycaemia). In subjects who pro- 
duce adequate amounts of insulin the blood glucose lev- 
el remains within a certain range. Any excess of glucose 
is stored in the liver and muscles as glycogen. 
[0004] Insulin also acts on cell membrane receptors 
in other tissues to enhance the entry of glucose into 
cells, thereby diminishing the plasma glucose concen- 
tration. 

[0005] Thus insulin acts to reduce the plasma glucose 
level by reducing the production of glucose by the liver 
and by increasing uptake and metabolism of glucose by 
the liver and by increasing uptake and metabolism of 
glucose by peripheral tissues. 

[0006] Deficiency of insulin due to disease of the islets 
of Langerhans and/or deficiency of insulin action results 
in diabetes mellitus, a condition in which the blood glu- 
cose concentration is high. 

[0007] In subjects who are not diabetic insulin is pro- 
duced in the pancreas and transported directly to the 
hepatic circulation and hence is transported to the liver 
before any other organs or regions of the body. Thus the 
liver experiences a very high exposure to the insulin pro- 
duced. Usually at least 50% of the insulin produced is 
bound to receptors in the liver, and hence acts in the 
liver. Insulin bound to receptors in the liver is removed 
from the circulation and degraded by the liver cells. The 
insulin which is not bound in the liver and hence passes 
to the peripheral circulation is therefore at a much lower 
concentration. Thus the peripheral tissues (eg fat and 
muscle) which are also targets of the insulin experience 
a smaller exposure to the insulin secreted. 
[0008] In diabetic subjects treatment is often carried 
out by insulin-replacement therapy. In general an insulin 



preparation is injected subcutaneously. The most com- 
mon subcutaneous insulin regimen involves twice-daily 
injection of mixtures of short- and intermediate-acting 
insulin preparations. Insulin is absorbed from the sub- 

5 cutis into the peripheral circulation and thence to the en- 
tire body, including the liver. With such a system the liver 
and the peripheral tissues tend to experience approxi- 
mately equal exposure to insulin. 
[0009] There are various disadvantages and negative 

10 side-effects with the use of this system. 

[0010] First, if sufficient insulin is injected to enable a 
high enough concentration to be present in the hepatic 
circulation then too high a concentration will be present 
in the peripheral circulation. Similarly if a suitable con- 

15 centration is present in the peripheral circulation the 
concentration of insulin in the hepatic circulation will be 
inadequate. 

[0011] There is believed to be a danger associated 
with high concentrations of insulin in the peripheral cir- 

20 culation (hyperinsulinaemia) of cardiovascular disease. 
[0012] Second, there is a serious risk of hypoglycae- 
mia in diabetic subjects receiving insulin replacement 
therapy by subcutaneous injection. A concentration of 
insulin in the peripheral circulation which is too high can 

25 lead to a blood sugar level which is too low and subse- 
quent collapse. 

[0013] It would therefore be desirable to be able to 
direct a large concentration of insulin directly to the he- 
patic insulin receptors with a lower concentration of in- 
30 sulin being directed to the peripheral insulin receptors. 
It would also be desirable to achieve such hepatoselec- 
tivity for other active molecules. 

[0014] Some attempts have been made to obtain the 
desired hepatoselectivity of insulin. Intravenous injec- 
ts tion directly into the hepatic portal circulation could allow 
injected insulin to pass directly to the liver before reach- 
ing the peripheral circulation. Such a system is unsuit- 
able for general use due to the difficulty and complicated 
nature of its operation; in particular it is not suitable for 
40 use by diabetic patients themselves except under ex- 
ceptional circumstances. 

[0015] An attempt has been made to render insulin 
hepatoselective by injecting it subcutaneously wh list en- 
capsulated in lipid vesicles. (Spangler, Ronald S., "Se- 

45 lective Insulinisation of Liver in Conscious Diabetic 
Dogs", Am. J. Physiol. 249 (Endocrinol. IVIetab. 12) : 
El 52 - E159, 1985). Insulin encapsulated in lipid vesi- 
cles (designated vesicle encapsulated insulin VEI) was 
targeted to hepatocytes by means of a digalactosyl dig- 

50 lyceride moiety incorporated on the outside of the lipid 
vesicles. Using this approach it was possible to alter the 
distribution of an administered glucose load to favour 
hepatic deposition. 

[0016] The present inventors have found (British Dia- 
55 betic Association Medical and Scientific section Confer- 
ence, Manchester, 13-15 April 1989) that covalent dim- 
ers of insulin (molecular weight ±12,000 Daltons rather 
than ±6,000 for insulin monomer) have a greater effect 
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on hepatic glucose output than on peripheral uptake and 
utilisation. That is, the covalent insulin dimers appear to 
act preferentially on hepatocytes rather than on cells of 
the peripheral tissues. It has also been found that proin- 
sulin shows this hepatoslectivity to a smaller degree. 
Proinsulin is the zymogen which is cleaved to form the 
active hormone insulin. The proinsulin molecule is larger 
than the active insulin molecule. 

[001 7] The cells of the peripheral tissues, for instance 
fat and muscle, are separated from the blood vessels 
by the capillary endothelium. In the liver however there 
is no such barrier between blood vessels and hepato- 
cytes. 

[0018] It is thought that transport across the capillary 
endothelium is mainly by diffusion i.e. active transport 
of insulin across the capillary endothelium does not oc- 
cur to any significant extent. Therefore the present in- 
ventors believe that the absorption of insulin into the pe- 
ripheral tissues is determined by factors influencing dif- 
fusive transport, in particular by steric hindrance or size 
of molecules. This is believed to be a reason for the rel- 
ative hepatoselectivity of covalent insulin dimers and 
proinsulin when compared with insulin monomers; both 
have free access to hepatocytes but the larger covalent 
insulin dimer or proinsulin is absorbed into the periph- 
eral tissues from the bloodstream more slowly than is 
the insulin monomer. Thus the larger molecules spend 
a longer time in the bloodstream before being absorbed 
into the peripheral tissues and are thus are more likely 
to reach the liver, where they may be active more easily. 
[001 9] According to the present invention there is pro- 
vided the use of an analogue of a pharmaceutical active 
whose molecular weight is less than 25,000 Daltons in 
the manufacture of a composition for use in a method 
of treatment of the human or animal body, the analogue 
comprising a pharmaceutical active whose molecular 
weight is less than 25,000 Daltons covalently linked to 
a pendant molecular group wherein as a result of the 
administration of the composition to the human or ani- 
mal body an active complex having a molecular weight 
of 25,000 Daltons or greater is present in the human or 
animal circulatory system. 

[0020] The invention is of particular usefulness when 

the analogue is an insulin analogue which comprises an 
insulin or functional equivalent thereof covalently linked 
to a pendant molecular group, so that as a result of the 
administration of the composition to the human or ani- 
mal body an insulin complex having a molecular weight 
of 25,000 Daltons or greater is present in the human or 
animal circulatory system. This invention is also appli- 
cable to other pharmaceutical actives of molecular 
weight below 25,000 Daltons which are administered so 
as to enter the circulatory system and which are required 
to be hepatoselective and for which similar problems as 
those encountered with the administration of insulin 
therefore also apply. In this specification the invention 
is discussed primarily in terms of its use for giving hep- 
atoselectivity to insulin or a functional equivalent there- 



of, but it will be understood that the disclosures made 
are equally applicable to other pharmaceutical actives 
of molecular weight less than 25,000 Daltons. 
[0021] According to a first, particularly preferred, em- 

5 bodiment of the invention the pendant molecular group 
has an affinity for one or more binding proteins present 
in the human or animal circulatory system wherein the 
total molecular weight of the insulin or functional equiv- 
alent thereof (or other pharmaceutical active) and the 

10 additional molecular group and the one or more binding 
proteins is 25,000 Daltons or greater. 
[0022] Binding proteins "in the human or animal cir- 
culatory system" are those which are present in the 
blood plasma. 

15 [0023] Thus when the analogue is introduced into the 
bloodstream the one or more binding proteins will be- 
come non-covalently linked to the additional molecular 
group, forming a complex which has a molecular weight 
of 25,000 Daltons or greater. 

20 [0024] According to a second embodiment of the in- 
vention an insulin analogue (or analogue of another 
pharmaceutical active) is used which additionally com- 
prises one or more binding proteins non-covalently at- 
tached to the pendant molecular group wherein the total 

25 molecular weight of the insulin or functional equivalent 
thereof (or other pharmaceutical active) and the pen- 
dant molecular group and the one or more binding pro- 
teins is 25,000 or greater. 

[0025] In this second embodiment the analogue is a 

30 complex having a molecular weight of 25,000 or greater 
and may be administered into the circulatory system as 
such, for instance intravenously. 
[0026] According to a third embodiment of the inven- 
tion an insulin analogue (or analogue of other pharma- 

35 ceutical active) is used in which the total molecular 
weight of the insulin or functional equivalent thereof (or 
other pharmaceutical active) and the covalently linked 
pendant molecular group is 25,000 Daltons or greater. 
[0027] As with the second embodiment, the analogue 

40 is a complex having a molecular weight of 25,000 or 
greater and may be administered into the circulatory 
system as such, for instance intravenously. 
[0028] For use in the first aspect of the present inven- 
tion there is provided an analogue of a pharmaceutical 

45 active whose molecular weight is less than 25,000 Dal- 
tons comprising a pharmaceutical active whose molec- 
ular weight is less than 25,000 Daltons covalently linked 
to a pendant molecular group, said pendant molecular 
group having an affinity for one or more binding proteins 

50 present in the human or animal circulatory system. 
[0029] As explained above, the invention is especially 
useful when the compound is an insulin analogue com- 
prising an insulin or functional equivalent thereof cova- 
lently linked to a pendant molecular group which has an 

55 affinity for one or more binding proteins present in the 
human or animal circulatory system. 
[0030] Such an insulin analogue (or analogue of other 
pharmaceutical active) may be injected subcutaneously 
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and absorbed into the bloodstream through the capillary 
endothelium without difficulty. When in the bloodstream 
the insulin analogue will come into contact with the bind- 
ing protein for which the covalently-linked pendant mo- 
lecular group has an affinity. Thus at least some mole- 
cules of the insulin analogue will become bound to the 
said binding protein, forming an insulin complex. Bind- 
ing proteins tend to be bulky molecules of high molecu- 
lar weight. They therefore tend not to diffuse out through 
the capillary endothelium easily and remain in the blood- 
stream. Thus the effective size of molecule and hence 
the molecular weight of the bound insulin analogue is 
increased dramatically. Absorption from the blood ves- 
sels into the peripheral tissues, for instance fat and mus- 
cle, through the capillary endothelium is now greatly in- 
hibited due to the attachment of the insulin analogue to 
the high molecular weight binding protein. In the liver 
however there is no such barrier therefore the insulin 
analogue even with the associated binding protein may 
have access to the hepatocyte insulin receptors essen- 
tially to the same degree as would conventional insulin. 
[0031] In the same way an analogue of another phar- 
maceutical active may be induced not to diffuse out 
through the capillary endothelium and to remain in the 
bloodstream until it is carried to the liver where it may 
act or be taken up as required. 

[0032] Binding of the pendant molecular group and 
the binding protein is not covalent. Binding forces may 
be for instance electrostatic (eg attraction of opposite 
charges, hydrogen bonding) or hydrophobic. Thus bind- 
ing is not permanent. The insulin analogue (or analogue 
of other pharmaceutical active) may be absorbed onto 
the hepatic tissues in its bound form. Molecules of the 
insulin analogue which have not been bound by the 
binding protein or which have become bound and sub- 
sequently unbound are capable of passing through the 
capillary endothelium into the peripheral tissues. 
[0033] The covalently-linked molecular group is at- 
tached in such a way that the active site (or sites) of the 
insulin equivalent or other pharmaceutical active re- 
mains available to carry out its prescribed functions. 
[0034] Attachment of a suitable molecular group to 
the insulin equivalent (or other active) may be carried 
out by conventional chemical methods known to those 
skilled in the art. 

[0035] According to this aspect of the invention there 

is also provided a method of insulin replacement therapy 
comprising subcutaneous injection of a preparation 
comprising an insulin analogue as described above. 
[0036] Preferred features of the first embodiment of 
the invention will now be described in detail. 
[0037] The insulin or functional equivalent thereof, 
when insulin is the active used, may be any of the insu- 
lins conventionally used in insulin replacement therapy. 
[0038] J. Brange et al ("Monomeric Insulins and their 
Experimental and Clinical Implications", Diabetes Care, 
vol. 1 3, no. 9, September 1 990) and others have studied 
the possibility of developing insulins with reduced ten- 



dencies to self-association. These insulins are ab- 
sorbed from the subcutis into the bloodstream more rap- 
idly than is the form in which insulin is usually found in 
pharmaceutical formulations. Insulin assumes an asso- 

5 ciated state in pharmaceutical formulation. Six mono- 
mers of insulin associate to form hexamers. The asso- 
ciation is noncovalent. With the use of DNA technology 
Brange et al and others have prepared insulins which 
remain dimeric or even monomeric at high (pharmaceu- 

10 tical) concentration by the introduction of one or a few 
amino acid substitutions into human insulin. Insulins 
with reduced association capacity as described by 
Brange et al and others are preferred for use as the in- 
sulin equivalent to which the additional molecular group 

^5 is attached. When the pharmaceutical active is an insu- 
lin equivalent such insulins are preferred, because their 
reduced tendency to self-associate means that they are 
more rapidly absorbed into the bloodstream from the 
subcutis than are conventional insulins which tend to be 

20 injected in hexameric form. 

[0039] Insulins of this type have also been developed 
by Eli Lilly. These are described in Protein Engineering, 
Vol 5, 519-525 and 527-533 (1992) (both D. N. Brems 
et al ). Studies of amino acid modified monomeric insu- 

25 iins have also been described in Diabetes 40 Suppl. 1 
(1 991 ), 423A (Howey et al ) and 464A (Shaw et al ). 
[0040] The pendant molecular group covalently linked 
to the insulin equivalent or other active may be any mo- 
lecular group which has an affinity for a binding protein 

30 present in the circulatory system and which will not itself 
act in the body to give detrimental effects. The molecular 
group chosen should usually be of a molecular weight 
similar to or less than that of the insulin equivalent or 
other active. Preferably the total molecular weight of the 

35 insulin or functional equivalent thereof or other active 
and the additional molecular group is less than 25,000, 
more preferably less than 20,000 or 15,000, and may 
be less than 12,000. This is in order that attachment of 
the pendant molecular group to the insulin equivalent or 

40 other active to form the analogue should not hinder the 
passage by diffusion of the injected analogue from the 
subcutis through the capillary endothelium into the 
bloodstream. Preferred molecular groups are molecular 
structures which possess an affinity for one or more pro- 

45 teins which are naturally present in the circulation. They 
may be based on naturally-occurring hormones or on 
functional equivalents of such hormones which also 
possess affinity to their binding proteins or they may be 
based on other substances for which such binding pro- 

50 teins exist. The pendant molecular group should be 
harmless when injected into the body; this may be 
achieved for instance by ensuring that the concentration 
of insulin analogue or analogue of other active in the 
bloodstream is high enough to allow the beneficial ef- 

55 fects of insulin or other therapy to be felt but low enough 
to prevent any effects which might be due to the pendant 
moleculargroup being felt, or by ensuring that the insulin 
analogue or analogue of other active is not present in 
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parts of the body where the pendant molecular group 
might be active, or by rendering the pendant molecular 
group inactive by structural modification which never- 
theless preserves its ability to bind to its binding protein. 
[0041] The pendant molecular group may be itself an 
insulin equivalent, for instance insulin-lii^e growth factor 
1 (IGF1). This polypeptide has an affinity for IGF1 bind- 
ing proteins, which circulate naturally in the human 
bloodstream. 

[0042] The pendant molecular group may be a native 
or modified thyroxyl group, derived from the human thy- 
roid hormone thyroxine 3,5,3',5'-L-tetraiodothyronine 
(T4). There are several binding proteins present in the 
human circulatory system which have an affinity for the 
T4 group, for instance thyroxine binding globulin (TBG), 
thyroxine binding prealbumin (TBPA) and albumin. 
These proteins are known collectively as thyroxine bind- 
ing proteins (TBP). 

[0043] Other suitable groups derived from hormones 
or their functional equivalents may be used. Suitable 
groups may be ascertained by a skilled person using 
methods known in the pharmaceutical field. 
[0044] The pendant molecular group with an affinity 
for a binding protein may be covalently attached directly 
to the insulin equivalent (or other active), as explained 
above in a place chosen so that the additional molecular 
group does not inhibit the action of the insulin equiva- 
lent. The structure of insulin and the locations of its ac- 
tive sites are well known, therefore when insulin is used 
those skilled in the art will be able to establish appropri- 
ate positions at which to attach the said molecular group 
so as not to interfere significantly with the action of the 
insulin or equivalent. 

[0045] Alternatively a short molecular chain (or "spac- 
er arm") may be used to link the insulin equivalent (or 
other active) and the said molecular group. The spacer 
arm is linked covalently both to the insulin equivalent 
and to the pendant molecular group. Such a spacer arm 
ensures that the insulin equivalent and binding protein 
are distanced from one another, thus preventing sub- 
stantial interference with insulin activity by the (usually 
bulky) high molecular weight binding protein. The spac- 
er arm is usually a linear chain, preferably of from 3-10 
carbon atoms in length. Such a spacer arm may be for 
instance an aminohexanoyi (AH) group, which is a six- 
carbon chain. Other groups may of course be used as 
a spacer arm. For example aminoacids either singly or 
linked as small peptide sequences could be used. 
[0046] It should be ensured that the binding protein 
which has an affinity for the pendant molecular group is 
present in the blood plasma in sufficiently large amounts 
that the trapping of the binding protein by the insulin an- 
alogue (or analogue of other active) with the covalently 
linked molecular group will notdepletethe levels of bind- 
ing protein in the blood to detrimental effect. For in- 
stance the level of binding protein should not be deplet- 
ed so that insufficient binding protein is available to carry 
out its usual function in the body, if any. 



[0047] The insulin analogue (or analogue of other ac- 
tive) of the invention may be produced by various meth- 
ods, for instance: chemical reaction of the insulin or in- 
sulin equivalent or other active with a substance or sub- 

5 stances which include the pendant molecular group; 
protein synthesis of the complete analogue; production 
by a genetically engineered micro organism. 
[0048] The insulin analogue of the invention may be 
used in a method of insulin replacement therapy. 

10 [0049] An insulin analogue according to the invention 
or a mixture of two or more different insulin analogues 
according to the invention form part of an insulin prep- 
aration. This insulin preparation is suitable for use in a 
method of treatment of the human or animal body, pref- 

^5 erably suitable for subcutaneous injection, and may 
comprise a treatment for diabetes. Additional ingredi- 
ents may be added which modify the rate of absorption 
from the subcutaneous depot into the circulation. The 
insulin-based preparation preferably is suitable for sub- 

20 cutaneous injection, in which case it is therefore suitable 
for use by sufferers from diabetes on themselves. 
[0050] The insulin preparation may comprise the hep- 
atoselective insulin analogue of the invention and acon- 
ventional non-hepatoselective insulin. On subcutane- 

25 ous injection and passing into the bloodstream the con- 
ventional insulin will act in the peripheral tissues whilst 
the insulin analogue of the invention provides a control- 
led, hepatoselective action. 

[0051] The analogues of other pharmaceutical ac- 

30 tives of the invention may also be used in methods of 
treatment or therapy by subcutaneous injection of a 
preparation comprising the analogue of the active . 
[0052] According to the second embodiment of the in- 
vention an insulin analogue (or analogue of other active) 

35 with a covalently attached pendant molecular group is 
used with a binding protein already non-covalently 
linked to the pendant molecular group. A composition 
comprising such an insulin analogue would be more 
suitable for intravenous administration than for subcu- 

40 taneous administration due to the very high molecular 
weight of the insulin analogue in the composition (as 
compared with the insulin analogue of the first embodi- 
ment, which forms an insulin complex of molecular 
weight greater than 25,000 only after administration into 

45 the circulatory system). It may be desirable in some cas- 
es however to provide such an insulin analogue or an- 
alogue of other active for use in the manufacture of a 
composition suitable for intravenous administration. 
[0053] The pendant molecular group and binding pro- 

50 teins may be any of those described above as suitable 
for the first embodiment of the invention. In addition the 
binding proteins may be proteins which do not occur nat- 
urally in the human or animal circulatory system (and 
which are harmless when introduced into the circulatory 

55 system) and the pendant molecular group may be any 
group with an affinity to such a protein. 
[0054] According to a third embodiment of the inven- 
tion an insulin analogue (or analogue of other active) is 
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used which comprises an insulin or functional equivalent 
thereof (or other active) with a large group covalently 
attached. Such a group should be large enough that the 
entire insulin analogue has a molecular weight of at least 
25,000. It should also, like the pendant molecular group 
of the first embodiment of the invention, be harmless 
when introduced into the body. This may be achieved 
as described above for the pendant molecular group. 
The large molecular group of the third embodiment of 
the invention may for instance be based on a polypep- 
tide structure or on other suitable polymeric structures. 
[0055] The analogues of the second and third embod- 
iments of the invention may be produced by the methods 
mentioned above as suitable for the production of the 
analogue of the first embodiment of the invention. For 
instance suitable methods in the case of the analogue 
of the third embodiment include chemical reaction of the 
insulin or equivalent or other active with a substance or 
substances which include the covalently linked molec- 
ular group, protein synthesis of the complete analogue 
and production by a genetically engineered micro or- 
ganism. In the case of the second embodiment the sec- 
tion of the analogue comprising the insulin or equivalent 
or other active and the additional molecular group may 
be synthesized in the same way as may be the analogue 
of the first embodiment. The binding protein may be syn- 
thesized for instance by protein synthesis, production 
by a genetically engineered micro organism, extraction 
from a naturally-occurring organism. Non-covalent at- 
tachment of the binding protein or proteins to the pen- 
dant molecular group may be achieved by methods 
known in the art. 

[0056] The analogues of the second and third aspects 
of the invention are suitable for incorporation in compo- 
sitions which are to be administered intravenously. 
Where the active is insulin or a functional equivalent 
thereof, such compositions may be used in a method of 
insulin replacement therapy. Such compositions com- 
prise one or more insulin analogues of the second and 
third embodiments of the invention. The composition 
may also comprise additional ingredients which may be 
chosen by those skilled in the art. 

Examples 

[0057] The present inventors have undertaken a 

study to explore the possibility that insulin analogues 
with restricted access to peripheral tissues may display 
relative hepatoselectivity in vivo. 
[0058] Analogues of insulin which include a thyroxyl 
moiety which binds to thyroid hormone binding protein 
(TBP) have been designed and tested. N^S'i-thyroxyl- 
insulin (T4-lns) and N^^"'-thyroxyl-aminohexanoyl insu- 
lin (T4-AH-lns) were synthesized using methods of 
chemical synthesis given below. 



Preparation of thyroxyl insulins 
[0059] Abbreviations: 

5 Msc = methylsulphonylethyloxycarbonyl 

Boc = tert. butyloxycarbonyl 

DI\yiF= dimethylformamide 

DUSO = dimethylsulfoxide 

mp = melting point 

10 ONSU = N-oxysuccinimide ester 

EXAIVIPLE 1 
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81 -thyroxyl-insulin (porcine) (T4-lns) 
Protected thyroxine derivatives: 



IVIsc-L-thyroxine (I) 

20 [0060] 776 mg (1 mmol) L-thyroxine in 2 ml dimethyl- 
sulfoxide was reacted with 530 mg (2 mmol) l\/lsc-ONSu 
in the presence of 139|liI (1 mmol) triethylamine at room 
temperature for 18 hours. After concentration in vacuo 
the oily residue was taken up in ethyl acetate, the or- 

25 ganic layer washed with water, dried over Na2S04, and 
the solvent removed in vacuo. The solid residue was 
crystallised from hexane. 
Yield: 651 mg (70.2% of theory), 
mp: 200°C 

30 

Msc-L-thyroxine-N-oxysuccinimide ester (II) 

[0061] To a cooled (0°C) solution of 371 mg (0.4 
mmol) of Msc-thyroxine and 40 mg (0.4 mmol) N-hy- 

35 droxysuccinimide in 1 ml tetrahydrofurane a preceded 
solution of 82.5 mg N,N'-dicyclohexycarbodiimide in 0.5 
m€ tetrahydrofurane was added under stirring. After fur- 
ther stirring for 3 hours the precipitate was removed by 
filtration, and the filtrate concentrated in vacuo. Crystal- 

40 lisation of the solid residue from methylenechloride/pe- 
troleum ether. 

Yield: 295 mg (71%, based on I) 
mp: 180°C. 

45 B1 -thyroxyl-insulin (porcine) (III) 

[0062] To a solution of 100 mg (approx 0.016 mmol) 
A1 ,B29-Msc2-insulin (prepared according to Schuttler 
and Brandenburg, Hoppe-Seyler's Z. Physiol, Chem. 

50 360, 1721 - 1725 (1979)) and 18iliI (0.160 mmol) N- 
methylmorpholine in 2 ml of DMSO 116.4 ml (0.160 
mmol) of II in 0.2 ml DMSO were added. After stirring 
for 6 h at room temperature the insulin derivative was 
precipitated with ether/methanol (9:1, v/v), isolated by 

55 centrifugation, washed 3 times with ether/methanol, and 
dried in vacuo. 

[0063] Msc groups were removed by treatment with 
NaOH/dioxane/methanol at 0°C, and III was purified by 
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gel filtration on Sephadex G 50 fine as described (Gei- 
ger eta[, Chem. Ber. 1 08, 2758 - 2763 (1 975)). Lyophi- 
lization gave 78.4 mg Bl-thyroxyl-insulin (75%, based 
on Msc2-insulin). 

EXAMPLE 2 

81 -thyroxyl-amlnohexanol-insulin(porcine) (IV) 
(T4-AH-lns) 

[0064] 

1 . BOC-G-aminohexanoic acid was prepared by re- 
acting 1 .32 g (1 0 mmol) G-aminohexanoic acid with 
2.4 g (11 mmol) di-tert.butyldicarbonate in dioxane/ 
water at pH 9 and was obtained in 87% yield (2.2 
g). Mp after recrystallisation from ethyl acetate: 
75°C. 

2. 22.8 mg (0.096 mmol) Boc-aminohexanoic acid 
was preactivated with 13 mg 1 -hydroxybenzotria- 
zole and 17.8 mg (0.09 mmol) dicyclohexyl carbo- 
diimide in 0.7 ml dimethylformamide for 1 h at 0°C 
and 1 further hour at room temperature. 

3. Then, a solution of 1 00 mg (approx. 0.01 6 mmol) 
A1,B29-Msc2-insulin and 18|liI (0.160mmol) N- 
methylmorpholine in 1 ml of DMF was added. After 
stirring for 70 minutes at room temperature the mix- 
tures was filtered, and the insulin derivative was 
precipitated with ethyl ether/methanol (9:1 , v/v), iso- 
lated by centrifugation, washed 3 times with ether/ 
methanol, and dried in vacuo. 

4. The Boc protecting group was cleaved by treat- 
ment of the product with 3 ml trifluoro acetic acid for 
1 hour at room temperature. The solution was con- 
centrated in vacuo, the insulin derivative precipitat- 
ed with ether, isolated, washed with ether, and 
dried. Yield: 77.8 mg of Bl-aminohexyl- 
A1 ,B29-Msc2-insulin. 

5. 102 mg (0.016 mmol) of this derivative was dis- 
solved in 2 ml dimethylformamide and 1 8|iil (0.16 
mmol) N-methylmorpholine. After addition of 116 
mg (0.16 mmol) Msc-thyroxine-N-oxysuccinimide 
ester in 0.2 ml dimethylformamide the mixture was 
stirred for 3 hours at room temperature. The pro- 
tected insulin was isolated by precipitation with 
methanol/ether and isolated as described above. 

6. Msc groups were removed by treatment with 
NaOH/dioxane/methanol at 0°C, and IV was puri- 
fied by gel filtration on Sephadex G 50 fine as de- 
scribed (Geiger et al , op. cit.). Lyophilization gave 
39.1 mg Bl-thyroxyl-aminohexanoyl-insulin (37%, 
based on aminohexyl-Msc2-insulin). 

[0065] T4-lns, T4-AH-lns and insulin (Ins) were in- 
fused into four anaesthetized beagles with D-3H-3-glu- 
cose for measurement of the rates of glucose production 

(Ra) and glucose disposal (Rd). Euglycaemia and glu- 
cose specific activity were maintained by variable infu- 



sion of D-glucose with D-^H-S-glucose. 
[0066] With all three materials glucose Rd was in- 
creased and glucose Ra decreased from basal level 
2.70±0.19 mg. kg-"" min"'', (p<0.05). In each experiment 

5 insulin-like activity for Ra and Rd was calculated as the 
area between the basal values of each of these varia- 
bles and subsequent values plotted graphically against 
time (AUG). For Ins, T4-lns and T4-AH-lns respectively, 
AUG for Ra values were -431±121, -226±154 and 

10 -357±50 (mean±SEM, mg/kg), (no significant differenc- 
es) and AUG for Rd. values were 1142±160, 629±125 
and 830±178 mg/kg, both analogues different from Ins 
p<0.05. 

[0067] These results indicate that insulin analogues 
75 of the invention act to a greater extent on the tissues of 
the liver than on those of the peripheral regions of the 
body, such as fat and muscle. 



20 Claims 

1. Use of an analogue of a pharmaceutical active of 
molecular weight less than 25,000 daltons compris- 
ing a pharmaceutical active covalently linked to a 

25 pendant molecular group in the manufacture of a 
composition for treatment of a human or animal 
wherein the analogue is selectively and efficiently 
delivered to the liver in an effective amount and ac- 
cess of the analogue to peripheral tissues is inhib- 

30 ited, in which the pendant molecular group has an 
affinity for one or more binding proteins present in 
the human or animal blood plasma sufficient that, 
on administration to the blood, a complex is formed 
between said binding protein and the analogue, 

35 wherein the total molecular weight of the complex 
of the analogue and the binding protein is 25,000 
daltons or greater whereby passage to peripheral 
tissues is inhibited. 

40 2. Use according to claim 1 in which the pharmaceu- 
tical active is insulin or afunctional equivalent there- 
of. 

3. Use according to claim 1 or claim 2 in which the pen- 
45 dant molecular group has an affinity for albumin, 

thyroxine-binding pre-albumin or thyroxine-binding 
globulin. 

4. The use of an analogue of a pharmaceutical active 
50 whose molecular weight is less than 25,000 Daltons 

in the manufacture of a composition for use in a 
method of treatment of the human or animal body, 
the analogue comprising a pharmaceutical active 
whose molecular weight is less than 25,000 Daltons 
55 covalently linked to a pendant molecular group 
wherein as a result of the administration of the com- 
position to the human or animal body an active com- 
plex having a molecular weight of 25,000 Daltons 
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or greater is present in tine human or animal circu- 
latory system. 

5. Use according to claim 4 wherein the analogue is 
an insulin analogue and comprises an insulin or 
functional equivalent thereof covalently linked to a 
pendant molecular group wherein as a result of the 
administration of the composition to the human or 
animal body an insulin complex having a molecular 
weight of 25,000 Daltons or greater is present in the 
human or animal or circulatory system. 

6. Use according to claim 4 or claim 5 wherein the pen- 
dant molecular group has an affinity for one or more 
binding proteins present in the human or animal cir- 
culatory system and wherein the total molecular 
weight of the pharmaceutical active and the pen- 
dant molecular group and the one or more binding 
proteins is 25,000 Daltons or greater. 

7. Use according to claim 4 or claim 5 wherein the an- 
alogue also comprises one or more binding proteins 

non-covalently bound to the pendant molecular 
group, wherein the molecular weight of the ana- 
logue is 25,000 Daltons or greater. 

8. Use according to any preceding claim, in which the 
pendant molecular group is based on a naturally oc- 
curring hormone or an analogue thereof. 

9. Use according to any preceding claim, in which the 
pendant molecular group is an IGF1 group. 

10. Use according to any preceding claim, in which the 
pendant molecular group is a thyroxyl group. 

11. Use according to any preceding claim, in which the 
pendant molecular group is linked to the pharma- 
ceutical active by a molecular spacer. 

12. Use according to claim 11, in which the molecular 
spacer is a linear chain of from 3-1 0 carbon atoms. 

13. Use according to claim 12, in which the molecular 
spacer is an aminohexanoyi group. 

14. Use according to claim 13, in which the additional 
molecular group is a thyroxyl-aminohexanoyi 
group. 

15. Use according to any of claims 6-8 or claim 10 or 

claim 11, in which the binding protein is albumin, 
thyroxine-binding pre-albumin or thyroxine-binding 
globulin. 

16. Use according to any preceding claim, wherein the 
total molecular weight of the pharmaceutical active 
and the pendant molecular group is less than 



25,000 Daltons, preferably less than 15,000 Dal- 
tons. 

17. Use according to claim 4, wherein the total molec- 

5 ular weight of the pharmaceutical active and the 

covalently linked pendant molecular group is 
25,000 Daltons or greater. 

18. An analogue of a pharmaceutical active whose mo- 
10 lecular weight is less than 25,000 Daltons compris- 
ing a pharmaceutical active whose molecular 
weight is less than 25,000 Daltons covalently linked 
to a pendant molecular group, said pendant molec- 
ular group having an affinity for one or more binding 

15 proteins present in the human or animal circulatory 
system. 

19. An analogue according to claim 18 which is an in- 
sulin analogue and which comprises an insulin or 

20 functional equivalent thereof covalently linked to the 
pendant molecular group. 

20. A preparation suitable for use in a method of treat- 
ment of the human or animal body, preferably suit- 
es able for subcutaneous Injection, the preparation 

comprising at least one analogue of a pharmaceu- 
tical active whose molecular weight is less than 
25,000 Daltons comprising a pharmaceutical active 
whose molecular weight is less than 25,000 Daltons 
30 covalently linked to a pendant molecular group, said 
pendant molecular group having an affinity for one 
or more binding proteins present in the human or 
animal circulatory system. 

35 21. A preparation according to claim 20 which is an in- 
sulin-based preparation which comprises at least 
one insulin analogue comprising an insulin or func- 
tional equivalent thereof covalently linked to a pen- 
dant molecular group, said pendant molecular 
40 group having an affinity for one or more binding pro- 
teins present in the human or animal circulatory sys- 
tem. 

22. A method of insulin replacement therapy compris- 
es ing subcutaneous injection of a preparation com- 
prising at least one insulin analogue comprising an 
insulin or functional equivalent thereof covalently 
linked to an pendant molecular group, said pendant 
molecular group having an affinity for one or more 

50 binding proteins present in the human or animal cir- 
culatory system. 

23. An analogue of a pharmaceutical active whose mo- 
lecular weight is less than 25,000 Daltons compris- 
es ing a pharmaceutical active whose molecular 

weight is less than 25,000 Daltons covalently linked 
to a large pendant molecular group, wherein the to- 
tal molecular weight of the pharmaceutical active 
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and the large pendant molecular group is 25,000 
Daltons or greater. 

24. An analogue of a pharmaceutical active whose mo- 
lecular weight is less than 25,000 Daltons compris- 5 
ing a pharmaceutical active whose molecular 
weight is less than 25,000 Daltons covalently linked 

to a pendant molecular group, said pendant molec- 
ular group being non-covalently linked to one or 
more binding proteins. io 

25. An analogue according to claim 23 or claim 24 

which is an insulin analogue and in which the phar- 
maceutical active is an insulin or functional equiva- 
lent thereof. 15 

26. A preparation suitable for intravenous injection 
comprising at least one analogue according to claim 
23 or claim 24. 



20 



25 



27. A preparation according to claim 26 which is an in- 
sulin-based preparation, in which the analogue is 
an insulin analogue and the pharmaceutical active 
is an insulin or functional equivalent thereof. 

28. A method of insulin replacement therapy compris- 
ing intravenous injection of a preparation according 
to claim 27. 



29. A process for the synthesis of an analogue accord- 30 
ing to claim 23, wherein the pendant molecular 
group is a thyroxyl group, comprising the reaction 

of the pharmaceutical active with a thyroxyl com- 
pound. 

35 

30. An analogue according to claim 23 or claim 24 
wherein the total molecular weight of the pharma- 
ceutical active and the pendant molecular group is 
less than 25,000 Daltons, preferably less than 
15,000 Daltons. 40 

31 . A preparation according to claim 21 or a method ac- 
cording to claim 22 wherein the total molecular 
weight of the insulin or functional equivalent thereof 
and the pendant molecular groups is less than ^5 
25,000 Daltons, preferably less than 15,000 Dal- 
tons. 
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The analogue is hepatoselective when administered to 
the circulatory system. Preferably the analogue is an in- 
sulin analogue comprising an insulin or functional equiv- 
alent thereof covalently linked to the pendant molecular 
group wherein the active complex is an insulin complex. 
Such an insulin analogue may be used in a method of 
insulin replacement therapy. 
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